It is important to remember that a flood in a modern economy is expected to bring about a whole gamut of consequences. The costs of damage caused by extreme weather events (among which floods are a major category) have shown a rapid upward trend globally. The scope and extremity of flood episodes point to the need to design and build a comprehensive system of flood protection measures in potential flood areas. The main goal of this study is the proposal of a process of the assessment of flood risk with the aim of reducing adverse consequences on the economic activities associated with floods. The consequences of flooding can take many forms, whether material damage, injury, deaths, environmental contamination, and so forth. Potential flood damage is related to movable and immovable property and variously defined natural and landscape values in inundated areas. In this study, the process for determining the potential flood damage to property (economic damage) is applied with the aim of effective flood protection in the area.
Introduction
When resolving issues of floods, an important task is determining the concept of flood risk causing damages to property and environment.
The most complex overview of synthetic and empirical models on flood damage losses, their advantages and disadvantages, uncertainty analysis, and the different uses of impact parameters are provided by Merz et al. (2010) and Meyer et al. (2013) . Other instructive studies on flood risk assessment were published by Houghton et al. (2001) , Penning-Rowsell et al. (2003) , Ganoulis (2003) , Merz et al. (2004) , Kreibich et al. (2005) , Fuchs et al. (2007) , Hardmeyer and Spencer (2007) , Kreibich et al. (2009) , Zeleňá-ková (2009) , Simonovic (2009) , Elmer et al. (2010) , Kreibich et al. (2011) , Totschnig et al. (2011) , Green et al. (2011) , Fuchs et al. (2012) , Totschnig and Fuchs (2013) , and Karagiorgos et al. (2016a Karagiorgos et al. ( , 2016b .
In general, we can express risk (R) as the sum of probability of the occurrence of an event (P) and the consequence (C) of such an event (Bouma et al., 2005; Hlav cová et al., 2005; Tichý, 2006; Drbal et al., 2008; Meyer et al., 2009; Hall, 2010; Zele náková, 2011; Kandilioti and Makropoulos, 2012) .
The aim of risk analysis (RA) of flooded areas is to estimate the need for protective measures. The analysis of flood risk can also be derived independent of the relation of the object of risk to the unwanted events. Likewise, many projects focused on the assessment of flood risk, and the determining of flood damage for the protection of people and their property in flood areas has been resolved (Wobus et al., 2014) . This subject has been elaborated in the Czech Republic in a monograph (Říha et al., 2005) and in several publications (Drbal et al., 2008; Dráb and Říha, 2010; Satrapa et al., 2011) . Generally, it can be stated that the majority of methods used for determining potential flood damage (material damage) across the world come from the same principle of application of the method of loss curves (Horský, 2008) . The methods express, using loss functions, the size of the damage directly in money depending on the hydraulic parameters of the flood (depth, velocity, duration) (Nascimento et al., 2006; Meyer and Messner, 2005) , the size of the damage by percent of damage from the price of the object per measured unit (Čihák et al., 2006; Korytárová et al., 2007; Horský, 2008) , or the size of the damage by percent of damage from the maximum amount of damage to an object (Kok et al., 2004) .
Materials and methods
The methods used in the study come from practical experience as well as knowledge obtained from the available literature and consultations with experts dealing with the given issue in practice. A methodological process for selecting effective flood protection measures (FPMs) in order to implement the aims of flood risk management is proposed. The proposal of a process for the selection of the most effective combination of measures with respect to reducing the impact of floods on the property consists of the calculation of economic damage.
The processing and analysis of input data as well as the visualisation of the achieved results is performed in the GIS environment (ArcGIS 9.3, 10) in integration with a spreadsheet programme (Microsoft Excel).
Calculation of potential flood damage
The issue of assessing potential flood damage to property is very well elaborated in the Czech Republic, namely in a thesis (Horský, 2008) that was subsequently used in this same year with the proposal of 'Methodology for determining flood risk and damage in flooded areas' (Drbal et al., 2008) . Immediate potential flood damage in this publication is determined by a process founded on the application of damage curves or loss curves -the method of level I and level II. Own loss function was established using the weighted average over the surfaces of various construction categories, which were statistically identified in the pilot areas of different projects covering all types of urbanisation of land along streams (small villages, towns, cities) in the Czech Republic.
Given the very similar building designs and infrastructure in Slovakia and Czech Republic, a modified methodology proposed in Czech Republic is used for the calculation of damage to property in this work. The available data for the work, however, enable the use of only the level I method, which is the fastest method used in the wider territorial units and is not so demanding for the input data. If more detailed data were available, it is possible to use the method of level II for the calculation of flood damage, which utilises the available detail of input data and is elaborated in the thesis (Horský, 2008) . The level II method is essentially an expansion of the basic level I method in some areas of assessment where this is possible on the basis of the available data.
Potential immediate flood damage is determined by a level I method founded on the application of loss curves that come from the acquisition prices of the individual assessed categories of buildings and from loss functions (Figure 1 ) created by a detailed analysis of the working of floods on individual categories of buildings and fragmented parts of constructions based on the structure of the buildings and the technical branches according to the divisions of the unified classification of building objects (Drbal et al., 2008) . Own loss function was established using the weighted average over the surfaces of various construction categories that were statistically identified in the pilot areas in the Czech Republic of different projects covering all types of urbanisation of land along streams (small villages, towns, cities). The difference is in the acquisition prices, which are -for the Slovak Republic -derived from indicators of the average budget price per measuring unit of a building at a site, processed by the company UNIKA and the Institute of Economics and Civil Engineering Economy (2012) .
For the calculation of direct potential flood damage to property, a general formula is used (Horský, 2008) , which is modified to the following form (1):
where D Pik is the value of quantified damage to the given object i in category k (€); i is the index of the building in the given category k; k is the index of individual assessed categories described below; S ik is the size or amount of the affected object according to category (unit, m, m Figure 1 An example of a loss curve expressing the maximum and minimum measure of damage (or loss) for buildings depending on the depth of flooding (h) (Horský, 2008) .
resulting damage. Loss curves used with calculations can be of a dual type (Drbal et al., 2011) :
• dependent on the depth of the flooding at the built objects and • independent of the depth of the flooding -engineering networks, infrastructure, and agriculture. Damage to objects is tallied for individual categories according to the following relationship (2):
where D Pk is the value of quantified damage in category k (€), and D Pik is the value of quantified damage of the given object i in category k (€). Then, the total damage to property in the assessed area is subsequently calculated as the sum of damage to the individual categories of property for the given Q N (3):
where D P is the value of total quantified damage to property (€), and D Pk is the value of quantified damage in category k (€). Potential flood damage to property is determined in two categories, i.e. buildings and engineering works. The division of buildings (objects) into these categories is carried over from the collection of indicators of average budget value per measured unit for the year 2012 (UNIKA, 2012), which states the minimal and maximal value (range of value) for separate construction. A component of the assessment of potential flood damage to property is also an assessment of damage in agriculture in plant productionan average value of the costs for growing crops, cereals, corn, oilseed rape, sunflower, flax, potatoes, sugar, and beet, usually grown in the study area.
Determining the measure of flood risk
On the basis of the determined consequence (potential flood damage) for the selected flood event, it is possible to determine the measure of flood risk. Generally, we can express risk as the product of the probabilities of occurrence of an adverse event and the consequences of this event according to Eqn (4):
Thus, risk has the same dimension as the consequence, which expresses the loss or damage arising in monetary or physical units (number of accidents, deaths, etc.).
With the calculation of risk, the distribution function of the instantaneous annual maximum of floods is defined by relationship (5) :
where F(Q N ) is the value of the distribution function for flood Q x , i.e. the probability that a flood Q N will not be exceeded in a given year. For the density of probability of the annual maximum of floods, relationship (6) thus applies:
The probability of exceeding is given using relationship (7) :
and therefore, relationship (8) applies:
In the following sections, a method of expressing economic damages in consequence of floods is described.
In the case of damage to property, risk is expressed from an economic point of view as the average annual flood risk ERp presented in units of €/year. Risk is calculated according to Eqn (9), which is derived from dividing the probability of annual maximum of floods (Drbal et al., 2008) :
where ERp is the average annual economic flood risk (€/year); D E (Q) is the value of economic damage during a flood with return period Q N or damage to property D P (€); Q is the flood (m 3 /year); f(Q) is the density of probabilities of annual maximum of floods (-); Q a is the flood, which begins to lead to damage; and Q b is the flood, with which the probability of damage is close to 0.
It is then possible using relationship (8) to describe relationship (9) as relationship (10):
Relationship (10) is now easily solvable numerically. Damage D E (Q) linked to the course of a flood is appropriate to relate to the return period D E (N). For further derivation, it is possible to accept the assumption that the amount of damage D E (N) is linearly dependent on the logarithm of the return period in the interval between the values a and b, for which damage is known (Figure 2 ).
Damage D E (N) is then calculated according to the following relationship (11) Horský, 2008) :
where D E (N) is economic damage during the flood with return period N; N, a, and b are marginal values of the interval of the return period; and A is the direction of the vector in the interval between ln a and ln b on the x-axis (the damage gradient), which is calculated according to Eqn (12):
We can calculate economic risk for the interval of return periods (a, b) in the form of (13):
and after integration, relationship (13) acquires the form of (14):
For the determination of economic flood risk on the basis of flood damage for floods with different return periods, e.g. Q 5 , Q 20 , Q 50 , and Q 100 , it is possible to process a resolution by linearisation along the segments, described below (Figure 3) .
Economic flood risk is determined for each interval individually. The total economic flood risk is then given by the sum of risks in individual component intervals ERp i , according to the determined economic flood damage (to property) according to relationship (15) in the units €/year:
The individual intervals are selected according to the computed damage, where we select the beginning (the first interval) for the return period in which damage begins to arise, and then, we can select the last interval from Q N (extremely) by an extrapolation of constant value to the value of Q for the return period at least 1000 (possibly up to 10 000), when the probability of occurrence is now minimal, and the share in the total value of risk is almost not expressed. As the damage values are not expressed for floods greater than Q N (generally for return periods of 100, 200 years), it is possible to justifiably assume that the damage will certainly be less than for Q N ; therefore, it is possible to use an extrapolation constant value for floods with a higher return period. The real risk would be greater, but this negligible error is not in any way expressed in the calculations for which the described methods are intended (normal assessment of FPMs, the proposed measure of protection that will not be greater than Q N ) (Horský, 2008) .
The present value of risk can be expressed by using the discount approach. On 19 January 2008, the European Commission published in its official journal an announcement on a revised method for setting reference and discount rates (Official Bulletin EU C 14, 2008) . In line with this method, the commission set the basic rate for the calculation of the reference and discount rate in the Slovak Republic at 0.53% from 1 January 2014. Depending on the use of the reference rate, the relevant margins, as set in the mentioned announcement, must be further added to this basic rate. In the case of a discount rate, this means increasing by a margin of 100 base points = 1 percentage point (Ministry of Finance of the Slovak Republic, 2013). The discount rate represents the measure of productivity, which an investor assesses from his/her own resources invested in an enterprise with the given measure of risk, and for the Slovak Republic, this value is at 1.53% (the basic rate of 0.53% + 1% = 100 base points).
The actual value of risk (capitalised risk) then comes from relationship (16), defined for calculation by the method of annuity bonds (Horský, 2008) :
where ER k is the present measure of flood risk (capitalised risk) (€); ER is the economic flood risk per year (€/year); and DS is the annual discount rate in decimal form (−).
Assessment of the effectiveness of FPMs
Economic effectiveness represents the share of achieved gain with regards to the cost value of the entire investment. The process that enables the benefits and costs of FPM, i.e. its economic effectiveness, to be defined and compared is called cost-benefit analysis (CBA). This is a process that can help in the decision-making process (however, it is not a decision-making process itself ). For assessing the economic effectiveness of FPMs, it is possible to use standard parameters (relative effectiveness, absolute effectiveness, and period of return on investment) containing a CBA (Horský, 2008; Satrapa et al., 2011) .
• Relative effectiveness (RE) expresses the relative economic effectiveness of an investment or FPMs. It is understood as a variable expressing the ratio of output and input, where the numerator includes the current capitalised risk lowered by capitalised risk after the possible implementation of an FPM project, and the denominator includes the costs necessary for carrying out the FPM project. The denominator effectively expresses the necessary reduction of the capitalised risk by the implementation of the measures. For calculation of the relative effectiveness of FPM, Eqn (17) is used:
where RE is relative effectiveness (−); ER k (preimplementation of FPM) is the current value of economic flood risk (capitalised risk) before implementation of the FPM (€); ER k (post-implementation of FPM) is the current value of economic flood risk (capitalised risk) after implementation of the FPM (€); and C represents the total costs for FPM implementation (€).
The higher value of the parameter expresses the higher assessment of the investment in a preventive measure. The measure will be effective if the parameter is higher than 1 and, in contrast, ineffective if the parameter acquires a value lower than 1.
• Absolute effectiveness (AE) is a parameter expressing the effectiveness of the investment or a measure in absolute economic units. Its value is calculated using relationship (18):
The significance of the symbols is identical to the description of symbols during the calculation of relative effectiveness. Absolute effectiveness expresses the financial effect of the proposed FPM in financial units (€) from a long-term point of view. A higher (positive) value of this parameter means a higher evaluation of the investments in the FPM project. In the case of negative values, the investment is ineffective, or the implementation of such a measure is economically inappropriate.
• Period of economic return (PR) serves for the orientational enumeration of the economic effectiveness of the FPM through the period of economic return according to relationship (19):
where PR is the period of economic return (years); C represents the total costs for implementing FPM (€); ER a (pre-implementation of FPM) is the average annual economic risk before FPM implementation (€/year); and ER a (post-implementation of FPM) is the average annual economic risk after FPM implementation (€/year).
Comparing the period of economic return of the individual FPM with the limit values according to domestic and foreign experience offers an additional instrument for objectively assessing FPM in an international context.
Results of the assessment of the economic flood damages in Medzev
For the practical application of the methodological process of selecting FPMs with a focus on lowering the potential adverse consequences of floods on property, the town of Medzev in the Bodva river basin is selected. Bodva basin, with an area 891 km along the state border is 48.4 km. The long-term average flow rate of the Bodva in Hosťovce is 4.48 m 3 /s. Medzev was in the scope of a preliminary assessment of flood risk in Slovakia and was evaluated as an area with the existing potential for significant flood risk.
The goal of this section of the contribution is an objective quantification of flood damage and flood risk in the studied location, which is subsequently classified from the viewpoint of effectiveness and measure of acceptability. According to the proposed methodology, the content of this part is divided into three steps: 1. Estimation of the potential flood damage to property. 2. Calculation of flood risk that comes from the assessment of the range of damages for the determined flooded area and the probability of their occurrence. 3. Selection of economically effective measures for flood protection in the area. The result is the proposal of possible FPMs that will be effective from the viewpoint of protection and likewise from an economic and environmental viewpoint Gaňová (2014). 1. Estimation of potential flood damage to property.
The methodology for quantifying the flood damage to property is based on the procedures that are based on the application of loss curves (see 'Calculation of potential flood damage' section). Input data include the map of assets distribution in floodplains (Figure 4 ) (DHI Slovakia Ltd., 2014) and the survey of the locality.
Key documents for the assessment of potential flood damage of the city's property in Medzev include the 'Land Use Plan of Medzev' developed by ENVI Ltd. in 2013 and a flood map provided by DHI Slovakia Ltd.
In the following Table 1 , the calculated values of potential flood damage are presented in the interval values (from min to max) in which the actual damage should vary (in euro) for the individual flows for Q 5 , Q 10 , Q 50 , Q 100 and Q 1000 . Damage is listed for the individual categories of property and in a total sum for the studied location. Table 2 shows the range of threatened property that corresponds to the calculated damage. With buildings, the number of objects and the measure of surface roads are presented in a surface measure of metre-square of flooded roads. The range of flooded engineering networks is derived from the length of parallel surface roads in metres. The range of flooded agricultural grounds is presented in hectares.
Calculation of flood risk
Risk is quantified for the current state, i.e. before implementation of FPM, and for the state after the possible implementation of FPM. The higher the proposed measure of flood protection, the lower the value of the measure of flood risk after the measures are implemented.
In the following Table 2 , the values of the economic flood risk calculated according to formula (15) and of capitalised risk calculated according to formula (16) for the town of Medzev are listed. With these calculations, damage displayed in Table 1 is taken into consideration. Table 3 shows the calculation of the overall measure of economic risk in consequence of flooding in the town of Medzev based on formula (18).
Selection of effective FPMs
The goal of selecting effective FPMs in the studied area is determined using two fundamental questions: 1. Does it make sense to build an FPM in the given locality? 2. To what measure of flood protection should the FPM be designed? These questions are answered by the process described in the section "Assessment of the effectiveness of flood protection measures" of this study, where the process of assessing the effectiveness of an FPM with respect to economic effectiveness and the measure of economic flood risk is explained. In the following section, the effectiveness of FPMs in the studied area of Medzev is described on the basis of these processes.
To assess the economic effectiveness of the FPM in the studied location, a CBA is used. The calculated resulting limit costs (calculated as the difference between the capitalised risk before and after implementation of the FPM) are shown in Table 4 . The designed FPM in Medzev includes water stream regulation in the river of33 300-36 500 km. The price is 2 917 660 € (MoE SR, 2015). We can state that Medzev will be protected against flood with a return period of 50 years. In Figure 5 , flood damage occurring in the town of Medzev with floods of Q 5 is depicted in illustrated form.
The technical resolution of FPM consists of, e.g. the construction of a protective levee that raises the present unsuitable measure of protection against flooding to Q 50 . From Figure 5 , it follows that up to an overflow of Q 50, no damage will occur in the town, and after exceeding this proposed overflow, damage in the town will be practically identical as if the FPM did not exist. The cost of the proposed FPM for Q 50 is then given by the difference between the capitalised risk before and after the implementation of the FPM.
Conclusion
Floods, whose frequency has shown an increasing tendency in the past decades and whose consequences account for 31% of economic losses, have a very special place in the field of natural catastrophes. For these reasons, the resolution of questions of flood protection is quickly acquiring a broader international dimension, and pressure is increasing regarding the implementation of complex and systematic measures of protection.
The aim of this study is the proposal of a process for selection of the most effective combination of measures with respect to reducing the impact of floods on the environment and property, which consists of the calculation of economic damage. The assessment of potential flood damage and the subsequent determining of the measure of flood risk are carried out for the town of Medzev, which was in the scope of the preliminary assessment of flood risk in Slovakia and which was evaluated as an area with an existing potentially significant risk of flood. The methodology of flood damages based on loss curves was known but was not applied to condition of Slovakia before. Given the preliminary results, we can state that in the studied location Medzev, the building of FPMs makes sense, mainly in relation to the protection of property and the environment. The proposed FPM in Medzev -water stream regulation in the river for 33 300-36 500 km, is effective for flood protection to Q 50 of the study area. The obtained results can be also applied during the selection of the final FPM solution in the studied location.
